ABSTRACT Gas-phase abundances in H II regions of two spiral galaxies, NGC 7793 and NGC 4945, have been studied to determine their radial metallicity gradients. We used the strong-line method to derive oxygen abundances from spectra acquired with GMOS-S, the multi-object spectrograph on the 8m-Gemini South telescope.
Introduction
The metallicity of galaxies reveals their chemical evolution through cosmic time, and it varies according to star formation history, gas accretion during the early evolutionary stages, and subsequent gas inflows and outflows. The gas-phase metallicity has been studied in the Milky Way and nearby spiral galaxies through abundance analysis of H II regions (e.g., Vila-Costas & Edmunds 1992 , Sánchez et al. 2014 , disclosing that a radial metallicity gradient across the galactic disk is almost invariably negative (i. e., higher abundances near the galactic center). The oxygen metallicity gradient is a key constraint to models of chemical evolution. It is in fact essential to pin down this value in the present-day spiral galaxies to assess the gas infall processes. Metal-poor gas infall into the galaxy potential well would lower the central metallicity. Gas accretion through interactions with nearby galaxies would change the gradient as well, compromising the metallicity pattern achieved with stellar evolution and recycling. Even the sophisticated, cosmological-compatible, chemical evolution models of spiral galaxies (e.g., Rahimi et al. 2011; Pilkington et al. 2012; Gibson et al. 2013 ) cannot give such constraints ab initio. Observational constraints are essential to advance in this field.
In the recent years, a remarkable body of H II region abundances has become available to show that resolved spiral galaxies display negative gas-phase radial oxygen gradients. A few galaxies have been studied through direct abundance analysis, which is based on the determination of the electron temperature in the regions from the auroral emission lines.
While a discrepancy has been noted between electron temperatures derived from auroral and recombination-lines (e. g., Peña 2011), this method give arguably the best sets of abundances published to date, resulting in shallow radial oxygen gradients with slopes in a narrow range (-0.02 to -0.09 dex kpc −1 ) for M33 (Magrini et al. 2010) , NGC 300 (Bresolin et al. 2009 ), M81 (Stanghellini et al. 2014) , and NGC 628 and NGC 2403 (Berg et al. 2013 ).
The database of galaxies whose H II region oxygen abundance is known through direct abundance analysis is limited, thus there was purpose to continue this type of studies in a variety of galaxy types. It is also essential to perform abundance analysis in galaxies that are twins to the ones already well studied. In fact, at first glance, the gradient differences across galaxies can be imputed to the galaxy mass, its morphology, or its situation within a group. As an example, Stanghellini et al. (2014) found that M81 had the steeper gradient slope of all galaxies studied through H II direct abundance analysis, arguably due to its environment.
In order to augment the sample of spiral galaxies whose resolved H II regions can be used to constrain the metallicity gradients, we embarked on a series of multi-object spectrographic studies to detect H II oxygen abundances in a variety of nearby spiral galaxies. In this paper we present a study of the Sculptor galaxy NGC 7793, and of the Mpc (Karachentsev et al. 2003) , apparent diameter of 10 arcmin, and intermediate inclination, this galaxy is an ideal target for GMOS multi-object spectroscopy. NGC 7793 is morphologically very similar to M33, it also lacks a defined bulge, and has similar mass and size. Our other target is the less studied NGC 4945, referred to as Milky Way twin for its similarity with the Galaxy, due to its mass, size, and morphological type. NGC 4945 is very inclined on the plane of the sky, and has heliocentric distance (3.82 ± 0.31 Mpc, Lin et al. 2011 ) similar to that of NGC 7793. The basic physical parameters of both galaxies, and those of their twins, are given in Table 1 .
We describe the observations and spectral analysis in §2. In §3 and §4 we present the detailed flux and abundance analysis, both for NGC 7793, and NGC 4945. The study of radial metallicity gradients is given in §5. The discussion in §6 includes a comparison of the strong-and direct abundances in M33 and M81, and the radial metallicity gradients in NGC 7793 and NGC 4945 compared with chemical evolution models. Our conclusions are given in §7.
Observations and spectral analysis
In Table 2 The NGC 7793 galaxy has inclination similar to that of NGC 2403, and to both NGC 300 and M33. Its gradient can be reasonably explored through just one GMOS field that includes about half of the galactic face. In oder to establish the metallicity gradients based on the observed surface of NGC 7793, we have to assume no or little azimuthal variation of gas-phase oxygen, which is consistent with the low metallicity scatter of ∼0.05
dex measured in various spiral galaxies to date (e.g., Bresolin et al. 2009 Bresolin et al. , 2011 .
On the other hand, NGC 4945 is nearly edge-on, and its projection results elongated on the plane of the sky, so that we acquired two MOS fields of this galaxy, in order to detect suitable H II region spectroscopy for metallicity gradients.
Spectroscopy of 27 H II regions in NGC 7793, and 33 H II regions in NGC 4945, was obtained with dark sky background (SB50), high cloud coverage (CC70), and poor image quality (IQ70), which yielded to lower quality data than requested for the originally planned science goal, i.e., to determine direct abundances. Our preliminary data analysis confirmed that the data were adequate for strong-line analysis, with S/N>3 in all diagnostic lines, unless specifically noted (see Table 4 ). Even with lowered observing conditions, there was purpose in publishing the present data sets, including line fluxes and their uncertainties, and the strong-line abundances.
Our observational design is identical to that used in Stanghellini et al. (2014) for the H II regions of M81 H II, and details can be found therein. We employed both the R400 and B600 gratings in order to obtain the full spectral domain between 3200 and 9000Å, needed for the science goals. We used 1 ′′ slitlet widths with 2×2 binning. Data analysis has been performed with the Gemini IRAF routines, as in Stanghellini et al. (2014) . Sky subtraction (and, more correctly, galactic background subtraction) was performed by using extended slit margins during spectral extraction, which was possible having designed masks with slitlets lengths larger than the spatial target dimensions. Our target slitlets are 4 to 10 arcsec in length.
H II region spectroscopy
In Tables 3 and 4 we list the regions observed in NGC 7793 and NGC 4945 respectively.
Preliminary spectral inspection of NGC 7793 showed that S/N was very low in regions 4, 7, and 10, so their fluxes can not be used for abundance determination. Few more regions (5, 13, and 27) have low quality spectra, thus only suitable for limited analysis. In Tables 3   and 4 we also give the galactocentric distances of the regions, both in terms of the isophotal radius (Column 4) and in kpc (Column 5). The uncertainties in the galactocentric distances have been determined with error propagation, including the inclination, position angle, and either the isophotal radius (for R G in terms of R 25 ) or the galaxy distance (for R G in kpc)
uncertainties.
In order to confirm that the observed targets are indeed H II regions we have used the Observations of the complete optical spectra were achieved using two gratings per MOS field, specifically, B600 and R400. Since the same emission lines could occasionally be measured in both gratings, the comparison across gratings is a sanity check to determine whether the data reduction has been performed properly. Also, scaling the red and blue spectra allow us to use diagnostics across the spectra, for example, to determine line extinction. In Figure 4 we show the comparison of the bright lines across gratings, where we plotted the logarithmic fluxes detected in the R400 vs. those in the B600 grating. Line fluxes were measured on the reduced and scaled spectra with the IRAF routine splot. Flux uncertainties were carried over from these measurements. We determined extinction correction, following Osterbrock & Ferland 's (2006) prescription for T e =10,000 K, for most regions. In Tables 5 and 6 (available electronically) we list the measured emission lines scaled to Hβ=100, respectively for H II regions in NGC 7793 and NGC 4945.
We give name, logarithmic extinction correction, and Hβ flux first, then we list all emission lines by giving the wavelength (Column 1), line identification (Column 2), and observed flux (Column 3) and uncertainty (Column 4), and finally the de-reddened flux (Column 5).
In a few cases the extinction turns out to be negative, and we set it to zero.
We requested to observe all MOS fields with the most suitable parallactic angle.
Instead, most of the spectra were acquired with parallactic angle ∼ 90 deg, thus the lines near the blue end of the B600 spectra are not usable. In particular, the blue [O II] 3727-3729Å lines, where present, have low S/N. We deem those lines not suitable for abundance analysis. In this paper we publish only the strong line fluxes relative to the abundance analysis presented here.
Strong-line abundances
Gas-phase oxygen abundances are best derived directly from line fluxes and electron densities and temperatures of the gas. Our data set suffers from low S/N auroral lines, (see e.g,, Pettini & Pagel 2004; Denicoló et al. 2002) . We calculated the N2 abundances following the new N2 calibration by Marino et al. (2013, Eq. 4) . We give the N2 abundances
in Column (4) of Tables 7 and 8 for all cases where the index N2 is within the domain of the calibration. It is worth noting that strong-line abundances from both the O3N2 and N2 methods do not suffer from uncertainties associated with cross-grating calibrations, and that the extinction corrections have a small impact on these calibrations, since they utilize line ratios that are close in wavelength.
The [O II] emission lines at λ3727Å are available for several regions, but their fluxes should be considered lower limits, and thus not useful to determine abundances with the O2 prescription by Kewley & Dopita (2002) .
In Figure 5 we compare abundances based on the O3N2 (filled symbols) and N2
(open symbols) indexes vs. those obtained with the O3S2N2 calibration, for regions in both galaxies (circles for NGC 7793, squares for NGC 4945). Here we exclude all regions that are flagged for low S/N (<2σ) or uncertain identification. By calculating the residuals between the O3S2N2 abundances and those obtained with the O3N2
and N2 indexes, we find < log(O/H) O3S2N2 − log(O/H) O2N2 >= 0.07±0.072, and A further quantitative assessment of the different abundance calibrations is given in the discussion. While the O3S2N2 method is to be preferred, being based on three flux ratios that are sensitive to both ionization and abundance, it is also the one that most suffer from the correction across gratings, since all red line fluxes are divided by Hβ to produce the indexes. The O3N2 method also suffers from the calibration across gratings.
The abundance uncertainties in Tables 7 and 8 are calculated by error propagation, and include both the calibration uncertainties from the indexes, both random and systematic, and the flux uncertainties from our measurements.
Radial oxygen gradients, and characteristic abundances
We determine the radial metallicity gradients for both galaxies by fitting the (logarithmic) oxygen abundances vs. the galactocentric distances with the fitexy routine in Numerical Recipes (Press et al. 1988 ). We calculate the gradients both in dex R −1 25 , and in dex kpc −1 . We included in these fits both the galactocentric distance and abundance uncertainties; the abundance uncertainties have been derived by error propagation as described in the previous section; uncertainties in the galactocentric distance are estimated by propagating the errors in inclination, position angle, and R 25 (or the galaxy distance, if the gradient is given in dex kpc −1 ).
In Table 9 we give the calculated gradients and average abundances for both galaxies.
In Column (1) we give the abundance calibration index; Column (2) gives the number of data points available; Column (3) gives the galactocentric range of the data points, in terms of R 25 ; Columns (4) and (5) give the gradient slope, respectively in dex R −1 25 and in dex kpc −1 , with their uncertainties; column 6 gives the intercept of the fit, and its uncertainty;
and finally, Column (7) gives the average abundance in the radial range of Column (3).
It is evident from Table 9 that the average abundances are higher for the O3S2N2 index than for the other ones, in both galaxies, by a factor of ∼1.1 to 1.4. Note that all averages have been calculated for the same radial range within each galaxy.
In Figure 6 we show the radial metallicity gradients derived for NGC 7793 H II regions with the three indexes. We show the results from the different calibrations in three different panels, for clarity (see figure caption), and determine radial oxygen gradients from homogeneous data sets (i.e., from the same calibration). In the gradient analysis we excluded all flagged regions of Table 3 , thus we also exclude probable (but not confirmed) H II regions (which are instead included in the abundance comparison of Figure 5 ).
As a comparison, and to show the improvement of our data set over the existing literature, we have considered the line fluxes of H II regions in NGC 7793 from Bibby & Crowther (2010) and Webster & Smith (1983, as corrected by Moustakas et al. 2010 ) whose oxygen abundances we recalculate following the N2 method (Marino et al. 2013) , and found a gradient slope ∼-0.270 dex R −1 25 . The gradient described by our own abundances have considerable less scatter (The O3S2N2 calibration gives a linear correlation R xy ∼-0.8) than that from the existing literature data (R xy =-0.6). NGC 7793 was also analyzed within the data sets included in the comprehensive work by Pilyugin et al. (2014) . They found a radial oxygen gradient -0.305 ± 0.048 dex R −1 25 , which is consistent with our result, within the errors. Figure 7 is similar to Figure 6 , but for NGC 4945 H II regions. All regions not flagged in Table 4 are included in the gradients. We plot radial oxygen gradients from the different abundance calibrations, where the galactocentric distances are form Table 4 and the abundances from Table 8 . M81, where direct abundances are available for large samples of H II regions. These two galaxies have recently been analyzed in terms of their direct gas phase oxygen abundances (Stanghellini et al. 2014 , Magrini et al. 2010 , and have rather different metallicities, thus are excellent probes of the methods.
We thus selected line fluxes of M81 and M33 H II regions from Stanghellini et al. (2014) and Magrini et al. (2009a) , and calculated strong-line abundances with the O3S2N2, O3N2, and N2 indexes. We then compared strong-line and direct abundances. We choose targets whose fluxes in the T e diagnostic lines had strengths > 2σ. By correlating O3S2N2-calibrated and direct abundances, based on 28 common targets, we found that the average of the residuals is < |log(O/H) direct − log(O/H) O3S2N2 | >=0.18 ± 0.16. By comparing O3N2 calibration with direct abundances we obtained < |log(O/H) direct − log(O/H) O3N2 | > 0.20 ± 0.14, based on 27 targets. For abundances calibrated with N2 we could compare 32 targets, and found < |log(O/H) direct − log(O/H) N2 | >= 0.20 ± 0.13. The O3S2N2 calibration gives the lowest residuals with respect to the direct abundances, and should be preferred when available. This conclusion does not depend on the selected 2σ limit for the diagnostic line fluxes. In fact, by choosing line strengths > 3σ we would obtain that the O3S2N2 calibration has the smaller residuals, on average.
In Figure 8 Figure 9 . From the figures, we noted that the O3N2-method predicts abundances that are lower than both direct and O3S2N2-derived abundances, while the N2-derived abundances are more scattered but seem to trace both the direct and the O3S2N2 abundances.
6.2. The radial metallicity gradients of NGC 7793 and NGC 4945 as compared to those of their twins As described in the introduction, NGC 7793 and NGC 4945 are two important test galaxies because of their strong similarities with the well-studied M33 and the MW. As seen earlier, Table 1 gives the main properties of the each galaxy and of its closer twin. From the characteristics shown in Table 1 we see that M33 and NGC 7793 are both flocculent late type spiral galaxies, with similar radii and baryonic masses. The MW is slightly brighter and more massive than NGC 4945, but they belong to the same morphological class. Our aim is to compare their strong-line oxygen gradients to see if their intrinsic characteristics -mass and morphology-are enough to guarantee that their present-time gradients, as traced by H II regions, are comparable with those of their twins.
To do that, we contrast the observed metallicity gradients of NGC 7793 and NGC 4945 with the results of two chemical evolution models designed to reproduce the main observational features of M33 and of the MW, respectively. The two models are presented in Magrini et al. (2007 Magrini et al. ( , 2010 for M33 and in Magrini et al. (2009b) for the MW. They are part of the family of the multiphase models in which the formation and destruction of diffuse gas, clouds, and stars are followed by means of the simple parameterizations of physical processes (e.g., Ferrini et al. 1992) . The details and equations of the models, together with the specific parameters adopted for the two galaxies, can be find in the original papers. For both galaxies, their model oxygen gradients are constrained with the abundances of H II regions obtained by the direct measurement of their electron temperature, i.e., by direct oxygen abundances.
The comparisons of our data with the models are shown in Figure 10 , where we plot the gradients from our O3S2N2 abundance analysis to the models of M33 and the Milky Way.
In the top panel we show the observed oxygen abundances from the O3S2N2 calibration against the M33 model gradient (B1 model, t=0, time scale of the infall=0.003×10 We have thus considered the astrophysical differences between the MW and NGC 4945.
Analyzing the main features of the two galaxies, we found that their diversities are related to the nuclear activity and to the environment. The central region of NGC 4945 contains an active galactic nucleus (AGN) revealed most unambiguously by its strong and variable hard X-ray emission (Iwasawa et al. 1993; Done et al. 1996; Madejski et al. 2000) . The AGN is classified as Seyfert 2 (Braatz et al. 1997; Madejski et al. 2000; Schurch et al. 2002) , and is a strong radio continuum source (e.g., Whiteoak & Wilson 1990) . Surrounding the AGN, there is an inclined circumnuclear starburst ring with a radius of ∼2.5 ′′ (∼46 pc), seen most clearly in Paα (Marconi et al. 2000) . The central region of NGC 4945 is among the strongest and most prolific extragalactic sources of molecular lines (e.g., Henkel et al. 1994; Curran et al. 2001; Wang et al. 2004; Chou et al. 2007 ). For these reasons, NGC 4945 is a particularly attractive candidate for studying the nature of molecular gas at the center of an active galaxy, and the role this gas plays in fueling. On the other hand, the MW does not presently appear to be hosting an AGN, given the lack of accretion activity in spite of the presence of a super massive central black hole (∼ 10 6 M ⊙ ). It is worth noting that the Fermi Gamma-ray Space Telescope revealed two large gamma-ray bubbles in the Galaxy, which extend about 50 degrees (∼10 kpc) above and below the Galactic center and are symmetric about the Galactic plane (Guo & Mathews 2012) . A recent (∼ 1-3 Myr ago)
Galactic AGN jet activity of a duration of ∼0.1-0.5 Myr could have created these bubbles, as follows from the comparison between these Fermi data and axisymmetric hydrodynamic simulations. Nonetheless, any AGN presence seem to be confined in the Galaxy past.
In addition, NGC 4945 belongs to the Centaurus A Group of galaxies, one of the closest groups of galaxies outside the Local Group whose composition is, however, much different from that of the Local Group, being formed by a heterogeneous assembly of earlyand late-type galaxies, all of them characterized by a period of enhanced star formation (Côté et al. 2009 ). Both the AGN nature and the interaction within a galaxy group might have some importance in shaping the radial metallicity gradient of NGC 4945 though the induction of gas flows along the galactic disk. Among the main mechanisms that produce gas flows, there are indeed: i) the large quantity of gas around the AGN combined with the presence of one or more bars that produce a falling of gas into the central regions (AGN fueling, e.g., Athanassoula 1992; Friedli et al. 1994; Casasola et al. 2008 Casasola et al. , 2011 Perez et al. 2011; Combes et al. 2013 ) and/or ii) the interaction of galaxies that induces gas flows from the outer parts to the centre of each component (Toomre & Toomre 1972; Casasola et al. 2004; Dalcanton 2007) .
From the observational point of view, radial inflows, that fuel active galactic nuclei together with the central starburst, might lead to a flattening of the metallicity gradient by gas mixing (e.g., Onodera et al. 2004) . In this framework, the comparison of NGC 4945 with our Galaxy is, thus, of great importance because we have the possibility to compare a MW twin -in terms of mass and morphology-but having a central AGN and inhabiting a different environment. Although NGC 4945 resides in a galaxy group, it has not any close massive companion, thus we suspect that the origin of the differences between the gradients of the two galaxies is mainly related to the presence of an AGN and a bar that induce a continuous infall of material towards the central regions. The presence of a central bar in NGC 4945 has been known for some time (see e.g., Peterson 1980; Lin et al. 2011) . From spectroscopic investigation of the ionized gas, Peterson (1980) found strong indication of in falling gas on the southwest side of the galaxy, inferred from departure from purely circular motions.
Starting from the chemical evolution model of the MW as described in Magrini et al. (2009b) , we sketch the effect of an AGN combined with a central bar, as observed in NGC 4945, in two different ways: i) assuming AGN feedback that reduces the star formation efficiency in the inner part of the NGC 4945 disk (e.g., Weinmann et al. 2006) ,
and ii) considering a higher and more continuous infall of metal-poor material, necessary to fuel the AGN activity. We thus modified some of the MW model parameters accordingly.
In particular, we considered a model with half the star formation efficiency than that of the MW, and one with an infall rate more diluted in time, corresponding to a longer infall time and a higher infall rate at present-time. The results of these two models in terms of the radial oxygen gradients are shown in Figure 10 , bottom panel, where we plot the low-star forming efficiency model with a light blue solid line, and the larger infall model with a dashed line. The lower star formation efficiency has the effect to produce a smaller disk, where the metallicity is rapidly declining for regions at galactocentric distances R G /R 25 >0.3, which is not observed in NGC 4945. On the other hand, the longer time-scale for the infall produce a shallow metallicity gradient, and a metallicity offset which is consistent with our NGC 4945 observations. The model gradient is still more peaked in the central 0.1 R G /R 25 than the observed one.
However, the dynamical effect of the bar, not considered in the chemical evolution model shown here, may have a mixing effect that further flattens the inner gradient, and reduces the overall metallicity because of the dilution by primordial gas inflowing from the outer disk (see, e.g., Portinari & Chiosi 2000) and/or by AGN-driven super-winds driving gas out of the central regions (Narayanan et al. 2008 ). Since our model is a simple semi-analytical chemical evolution model that does not includes dynamical effects, we can only speculate that the differences between NGC 4945 and the MW gradients are induced by a presence of gas flows due to both AGN-driven winds and to the bar.
Conclusions
The strong-line abundance calibrations available to date can give a handle to calculate radial oxygen gradients in spiral galaxies. While more uncertain than the direct methods, if chosen appropriately, they can give constraints to evolutionary models. Strong-line and direct abundances cannot be compared directly in the studied galaxies, since our observations were not deep enough to obtain electron temperatures of the H II targets.
Strong line fluxes allow us to determine abundances by using three different calibrations:
the O3S2N2 calibration, and the O3N2 and N2 calibrations.
To probe the quality of strong-line abundances, we used the available flux data of M33 and M81 H II regions, and their direct abundances. Comparison between direct and strong-line abundances for these samples indicates that the better calibration is the O3S2N2 index, the one with the larger number of constraints. The O3S2N2 index gives average abundance of (2.55 ± 0.46)×10 −4 for 13 NGC 7793 regions in the 0.17<R G /R 25 <0.82
radial range, and (3.89 ± 0.37)×10 −4 for 17 NGC 4945 regions in the 0.044 < R G /R 25 < 0.51 radial range.
We obtained a good fit to the abundances and galactocentric distances of NGC 7793, yielding to a radial metallicity gradient with slope of -0.321 ± 0.112 dex R −1
25 . This gradient compares well with that of its galactic twin, M33, which is similar in mass and morphology.
The two gradients differ in ordinate less 0.05 dex in the whole radial range for which the NGC 7793 gradient is defined, and with average residuals between the two gradients of 0.029±0.016 dex, pointing towards a similar chemical evolution for those two galaxies.
The gradients of NGC 4945 and of the Galaxy show, instead, a substantial difference in the absolute scale of their metallicity, with an offset of about ∼0.15 dex at the galactic center, which can not be accounted for entirely by calibration uncertainties. We have analyzed the differences between NGC 4945 and the MW, and considering the effects of the presence of an AGN combined with a central bar in NGC 4945, which might have primary importance in shaping the radial gradient. Using the multiphase chemical evolution models developed by Magrini et al. (2009b) for the MW, we have varied the infall rate according to the AGN and bar observations, finding that we are able to reproduce a milder gradient with a lower metallicity for NGC 4945, assuming a more continuous inflow of material than for the MW. We conclude that, while mass and morphology are among the main driver of the shape of the radial metallicity gradient, other aspects, as the presence of a bar, or central activity, or of a close interacting companion, can lead to substantial changes in the shape and/or absolute scale of the metallicity gradients.
The study of twin pairs of galaxies is at its earlier stages, and we plan to continue to use this powerful tool to assess chemical evolution of nearby spiral galaxies via gas-phase metallicity analysis. The oxygen abundance analysis of NGC 4945 would be more effective if the S/N of the spectra would allow direct abundances. We plan more observations along these lines in the future.
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